| INTRODUCTION
Autophagy-lysosome pathway is one of the major pathways for mammalian cells to degrade dysfunctional organelles and misfolded/ aggregated proteins. 1 Autophagy process undergoes multiple stages:
its vesicle nucleation is regulated by a class III PI3 K complex; autophagic induction by a serine-threonine kinase complex; and the extension and completion of vesicles by a pair of novel ubiquitin-like protein-conjugating systems, the ATG12 and ATG8 systems. 1, 2 Microtubule-associated protein 1 light chain 3 (LC3) is the mammalian homologue of ATG8, one of the key autophagy markers. 3 The LC3
precursor is truncated to form the cytosolic LC3-I and further conjugated with phosphatidylethanolamine to create the membraneassociated LC3-II with the assistance of ATG5 and ATG12. 3, 4 The LC3-II-associated isolation membranes target and then completely envelop the autophagy substrates that bind to polyubiquitin-binding protein P62 (SQSTM 1) to form autophagosomes. 5 Autophagosomes migrate along acetylated microtubules to fuse with lysosomes to form autolysosomes, in which substrates are degraded. 6, 7 Microtubuleassociated protein MAP1S interacts with LC3 and acts as an activator of autophagy. [7] [8] [9] Another interactive protein of MAP1S, a mitochondrion-associated protein LRPPRC suppresses both autophagy and mitophagy. [10] [11] [12] [13] Autophagy is pro-survival in general. Autophagy defects induce oxidative stresses 1, 14 that in turn activate NLRP3 inflammasomes that result in a direct activation of caspase-1. 15 Activation of caspase-1 subsequently induces secretion of potent pro-inflammatory cytokines interleukin-1β (IL-1β) and IL-18, mitochondrial dysfunction and production of reactive oxygen species, and eventually an inflammatory form of cell death referred to as pyroptosis. [16] [17] [18] [19] [20] [21] The release of immunogenic danger signals or danger-associated molecular patterns (DAMPs) from pyroptotic cells can fuel pro-inflammatory cascades that promote the mortality of host structural, hematopoietic, and immune-competent cells. 21, 22 Chronic inflammation induces tissue regeneration 23 and further leads to tumorigenesis by the generation of oxidative stress to induce genome instability and by reactivating cell division to amplify genome instability. [23] [24] [25] [26] [27] Thus, enhancing autophagy may prevent cancers and improve patient survivals.
We performed immunohistochemistry analyses on tissue sections collected from patients suffering from prostate adenocarcinomas (PCA) or benign prostatic hyperplasia (BPH) and found that either high levels of autophagy activator MAP1S or low levels of autophagy inhibitor LRPPRC in prostate tumor tissues predict better prognosis. 28, 29 As an autophagy regulator, P62 is similarly expressed in the luminal epithelial cells of prostate glands in both BPH and PCA patients but levels of P62 are relatively higher in PCA than in BPH. 29 However, levels of P62 are poor prognosis marker although they are positively correlated to metastasis. 29 
| Cell proliferation assay

| Cell invasion assay
The transwell inserts (8-µm pores) were filled with 50 μL of a mixture of serum-free RPMI1640 medium and Matrigel (1:10; catalog number: 
| Western blot analysis
Cells were collected and lysis in RIPA containing broad protease inhibitor cocktail (EASYpacks, Roche, Basel, Switzerland) and then centrifuged to obtain supernatants. The total protein concentration was measured by bicinchonininc acid (BCA). Equal amount of protein (30 µg) was loaded and separated by SDS-PAGE (Bio-Rad, Hercules, CA), and blotted with primary antibodies and corresponding horseradish peroxidase-conjugated secondary antibodies. GAPDH was used as an internal loading control. The primary antibodies used were as The results were visualized with the GelDoc XR + chemiluminescent detection system (BIO-RAD). Densitometric analysis of the bands was performed using ImageJ free software. 
| Confocal fluorescent microscopy
| Statistical analysis
Statistical analyzes were performed using SPSS 19.0 (SPSS Inc, IL) statistical software. Two-tailed Student's t test was used to determine the difference between groups by GraphPad Prism (San Diego, CA).
A P value ≤0.05 was considered statistically significant.
FIGURE 4 P62 promotes epithelial to mesenchymal transition. (A) Representative images showing the morphology of DU145 cells (C, OE, OE-C, and OE-KO). (B-J) Representative immunoblots (B, E, and H) and quantification (C, D, F, G, I, and J) showing levels of epithelial marker E-cadherin (B-D), Vimentin (E-G), and Fibronectin (H-J) in DU145 cells (C, OE) (C, F, and I) and DU145 cells stably expressing P62 (OE-C, OE-KO) (D, G, and J)
. **, P ≤ 0.01; and ***, P ≤ 0.001
| P62 promotes proliferation, migration, and invasion of prostate cancer cells
To understand the role of P62 in the development of prostate cancer, we generated OE, a stable DU145 cell line overexpressing P62 ( Figures 1A and 1B) . Overexpression of P62 led to an enhancement of cell proliferation ( Figures 1C and 1D) . To confirm the impact of p62 on cell proliferation, we utilized CRISPR/Cas9 technology to delete the overexpressed P62 ( Figures 1E and 1F ).
Depletion of P62 led to a suppression of cell proliferation ( Figures   1G and 1H) . To investigate the role of P62 in cell migration and invasion, we performed migration and invasion assays of cell lines as above ( Figure 1 ). Overexpression of P62 led to a promotion while depletion of P62 led to a reduction in cell migration ( Figure 2 ) and invasion ( Figure 3) . Therefore, P62 promotes proliferation, migration of invasion of prostate cancer cells.
| P62 promotes epithelial to mesenchymal transition
We further examine the impact of P62 on cell morphology. Therefore, P62 promotes epithelial to mesenchymal transition.
| P62 inhibits autophagy autophagy flux
To investigate the impact of P62 on autophagy, we applied lysosomal inhibitor bafilomycin A1 to treat cell lines described above to measure autophagy flux ( Figure 5 ). Overexpression of P62 caused a reduction while depletion of P62 caused an increase in autophagy flux as reflected by the levels of LC3-II in the presence of lysosomal inhibitor ( Figures 5A and 5B ). LRPPRC was characterized as an autophagy inhibitor in cancer cells. 10, 11 Overexpression of P62 led to increases while depletion of P62 led to decreases of levels of LRPPRC ( Figures   5C and 5D ), suggesting that P62 inhibits autophagy.
| P62 increases HDAC6 activity and reduces microtubule acetylation
To understand the mechanism by which P62 promotes cell proliferation, migration, invasion, and the epithelial to mesenchymal transition of prostate cancer cells, we examined the impact of P62 on the levels of HDAC6. Overexpression of P62 led to increases ( Figures 6A and 6B) while depletion of P62 led to decreases of HDAC6 levels ( Figures   6A and 6C) . Levels of acetylated α-tubulin were reduced because of the increases of HDAC6 levels ( Figures 6A and 6D ) or increased because of the decreases of HDAC6 levels ( Figures 6A and 6E ). Such impacts of P62 on levels of acetylated α-tubulin were further confirmed by fluorescent immunostaining ( Figure 6F ). However, levels 
| DISCUSSION
Autophagy defects induce oxidative stresses, inflammation, and pyroptosis. 1, 14, [16] [17] [18] [19] [20] [21] Oxidative stress induces DNA double strand breakage that initiates the cascade of chromosomal breakage-fusionbridge cycles and results in genome instability, the origin of most types of solid tumors. 14 Chronic inflammation induces tissue regeneration that re-activates cell division to amplify genome instability. [23] [24] [25] [26] [27] Therefore, autophagy defects lead to tumorigenesis and activating autophagy results in tumor suppression. P62 binds with HDAC6 to maintain its deacetylase activity and destabilize microtubules. In addition to the impact on autophagosome trafficking, microtubule deacetylation promotes cytoskeletal reorganization, and epithelial-mesenchymal transition (EMT). 34 EMT is a biologic process that allows a polarized epithelial cell to assume a mesenchymal cell phenotype that exhibits an enhanced migratory capacity and invasiveness. 35 Since epithelial cells normally interact with basement membranes via its basal surface while mesenchymal cells lose such attachment, those cancer cells that undergo EMT enter the circulation and exit the blood stream to become metastatic. 35 P62 decreased levels of epithelial marker E-cadherin and increased the levels of mesenchymal markers fibronectin and vimentin, suggesting an EMT was promoted. Consequently, P62 promotes the migration and invasion of DU145 cells, indicating an enhancement of metastatic capacity. Although it is still not conclusive that EMT is directly related to the metastasis of prostate cancer, 36 we show here a close association of P62-promoted EMT with the metastasis of PCA.
Therefore, high levels of P62 promote EMT to induce metastasis of PCA patients.
Although it is well recognized that P62 acts as a receptor of autophagy substrates, the accumulated P62 in PCA tissues due to autophagy defects binds with HDAC6 and sustains its deacetylase activity, leading to the deacetylation of α-tubulin and microtubules. 
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